Biglycan and decorin are small leucine-rich proteoglycans that play several biological and structural roles in different tissues and organs. Several reports have indicated that biglycan participates in odontoblast and ameloblast differentiation and in the calcification process. In the present study we show that the expression of biglycan changes from within the ameloblasts and odontoblasts to the extracellular space according to the stage of animal development. In predentin and in the pulp space, however, biglycan was continually expressed throughout the period of investigation. In contrast, decorin was absent in odontoblasts and in ameloblasts and was exclusively expressed in predentin throughout the period of observation. In young rats, however, decorin was expressed in the extracellular spaces of the pulp, where it was concentrated mainly in the peripheral pulp.
Proteoglycans consist of a central core protein to which variable numbers of glycosaminoglycan chains are covalently bound. The density, size and charge of proteoglycans are related to the maintenance and regulation of tissue functions (1) . Proteoglycans mediate many functions during the developmental process, such as cellular proliferation, migration, adhesion and aggregation (2) . The ability of proteoglycans to link to collagen is important for the formation and organization of collagen fibrils. Proteoglycans are also important for the control of inflammation, wound healing, calcification, and ion exchanges (3, 4) . A number of studies have indicated that proteoglycans also influence mineralized tissues. They may have a regulatory role in the earliest stage of mineralization, during which mineral crystals are preferentially deposited in the gap zone of collagen fibrils and then grow into adjacent regions (5, 6) . The mechanism of such activity is probably by changing the assembly, structure, and charge of the fibrils. Moreover, the sites of collagen that bind to calcium could be covered by proteoglycans and thus inhibit mineralization (7) . Sulfated glycosaminoglycans possess the ability to bind cations like calcium due to their high anionic charge, and so enhance or inhibit the precipitation of calcium phosphate, depending on the calcium concentration (4, 8) . Sulfated glycosaminoglycans also influence cytodifferentiation and play a role in stabilizing the differentiated state (9, 10) .
Proteoglycans are present in the extracellular matrix of connective tissues such as the dental pulp. Due to their highly hydrophilic and polyanionic properties, one of the main functions of proteoglycans in the dental pulp is to regulate water retention and to protect it against high pressure.
Biglycan and decorin are small leucinerich proteoglycans that play several biological and structural roles. Their distribution and biological function vary significantly among tissues. Biglycan facilitates the initiation of apatite formation and inhibits its growth in a gelatin gel system (11) . Previous results showed that this molecule has a role during the process of differentiation of odontoblasts and ameloblasts (12) . Decorin is synthesized by odontoblasts and becomes associated with the pericellular environment. Decorin binds to collagen through its core protein (13) , a structural property that may contribute to the initial assembly and aggregation of collagen as well as several other extracellular matrix components (14) . A previous study (7) suggested that decorin also is a negative regulator of mineralization. The proposal of the present study was to analyze by immunocytochemistry the distribution of biglycan and decorin in different dental tissues during tooth development.
Wistar rats aged 5, 7, 9, and 11 days and 2 months were used. The animals were housed on a 12-h light/dark schedule at 22ºC, with food and water available at all times. After sacrifice by decapitation, mandibles and maxillas were removed, dissected, and fixed in Bouin fixative solution for 1 day. Samples were decalcified in 4.13% EDTA for 3 weeks for the newborns and for 1 month for young rats, and embedded in Paraplast. Five-micrometer thick sections were cut, adhered to glass slides using 0.1% poly-L-lysine (Sigma, St. Louis, MO, USA), and then dried at room temperature.
During the immunocytochemistry procedure, each step was followed by a thorough rinse with phosphate-buffered saline (PBS). The sections were treated with 3% H 2 O 2 in PBS for 30 min to block endogenous peroxidase activity and then incubated for 1 h at 37ºC in 20 mM Tris-HCl buffer, pH 6.0, containing 0.2 U/ml of chondroitinase AC II from Arthrobacter aurescens (Seikagaku Figure 1 . Immunocytochemical detection of biglycan in dental germs of rats aged 5-11 days. On day 5, the immunoreaction is usually weak (a). On day 7 a strong reaction is observed in odontoblasts and predentin and in the peripheral zone of the pulp (b). On day 9, a strong signal for biglycan is observed in ameloblasts, predentin and odontoblasts, whereas a weak signal is observed in the pulp (c). Higher magnification showing the reactivity in ameloblast cells at day 9 (d). On day 11 a slight reactivity for biglycan is observed in ameloblasts (e). Another view of day 11 showing that a strong reactivity remains in predentin, whereas the reaction in odontoblasts is weak (f). AMBs -ameloblasts; D -dentin; DG -dental germ; ODBs -odontoblasts; Ppulp; PD -predentin.
Corp., Tokyo, Japan). Nonspecific staining was blocked by incubating the section for 30 min with normal goat serum diluted 1:1 in PBS-10% bovine serum albumin. Sections were incubated with the primary antibody, rabbit anti-decorin IgG, clone LF-113, diluted 1:2000 in PBS-0.3% Tween 20 or rabbit anti-biglycan IgG, clone LF-106, diluted 1:1000 in PBS-0.3% Tween 20 overnight at 4ºC, and controls omitting the primary antibody were included. Both antibodies were a generous gift from Dr. L.W. Fisher (National Institute of Dental and Craniofacial Research "NIDOR", NIH, Bethesda, MD, USA). The sections were incubated with goat anti-rabbit IgG conjugated with biotin (Vector Lab, Burlingame, CA, USA) diluted 1:1000 in PBS for 1 h at room temperature. After rinsing three times in PBS all sections were incubated with the streptavidin/peroxidase complex (Vector) for 1 h at room temperature. The reaction was visualized using 0.03% 3,3'-diaminobenzidine in PBS with 0.03% H 2 O 2 . After immunostaining, the sections were lightly stained with Mayer's hematoxylin. The sections were examined with a Nikon Eclipse E800 microscope and images were captured with an Image Pro Plus software (Media Cybernetics, Silver Spring, MD, USA) and subsequently printed with an Epson Stylus 777 printer.
As illustrated in Figure 1 , at 5 days of age biglycan was observed in ameloblasts, odontoblasts, predentin and pulp. At 7 days of age a strong reaction for biglycan was present in ameloblasts, odontoblasts, and predentin. In the pulp, biglycan was observed in both extracellular spaces and cells. At 9 days of age ameloblasts and odontoblasts were less reactive, while intense staining for biglycan was observed in predentin. Biglycan was weakly expressed in the pulp extracellular spaces whereas it was not expressed in pulp cells. In 11-day-old rats biglycan was expressed intensely in predentin, while ameloblasts, odontoblasts and pulp cells were only slightly immunoreactive. In 2-month-old rats (data not shown), biglycan was limited to the predentin and pulp; no reaction for biglycan was detected in odontoblasts. Figure 2 shows that, contrary to biglycan, decorin was absent in odontoblasts and was exclusively expressed in predentin throughout the study period. The immunoreaction Figure 2 . Immunocytochemical detection of decorin in dental germs of rats aged 5-11 days. On day 5, the immunoreaction is very weak in predentin (A). On day 7, a strong reactivity is observed in predentin (B). Another view showing the absence of immunoreactivity observed in ameloblasts (C). On day 9, the immunoreaction is not observed in odontoblasts, whereas it is strong in predentin (D). On day 11, ameloblasts continue to be negative (E). Another view of the 11th day showing a decrease in the reactivity in predentin (F). AMBs -ameloblasts; arrowodontoblastic process; D -dentin; ODBs -odontoblasts; Ppulp; PD -predentin.
for decorin was weak on day 5 of age and progressively increased on day 7 and day 9. On day 11 the reaction decreased in predentin. In young 2-month-old rats decorin was expressed in the extracellular spaces of the pulp, where it was concentrated mainly in the peripheral pulp and was continually expressed in predentin (data not shown).
In the present study we observed biglycan in the ameloblasts and odontoblasts during the early stages of tooth development. During tooth development, groups of cells are induced to differentiate by interactions with neighboring cells and tissues. Moreover, the inductive interactions between tissues must involve extracellular matrix molecules and growth factors. Several studies have suggested a role for biglycan during the process of differentiation, probably by interaction with TGF-ß, as this molecule promotes an increase in the amount of biglycan in vitro (15) . Biglycan is also important in cell attachment and proliferation (16) , events that occur during tooth development. The sustained expression of biglycan in predentin suggests a structural role of this molecule by interaction with collagen fibrils (17) . As biglycan was detected in ameloblasts, we may consider that this molecule has a role in the process of amelogenesis, including ameloblast differentiation and enamel formation (12) .
In the present study we detected a transient expression of decorin. Initially, decorin was observed solely in predentin, and later in dental pulp. Decorin may be involved in dentin formation via its specific association with type I collagen fibrils, implying a role in fibril growth and assembly (13) . The expression of decorin in the pulp of young rats may contribute to the undifferentiated state of some cells and to the maintenance of the unmineralized state of pulp tissue. A possible role for decorin as an inhibitor of mineralization has been reported (18) . Decorin may occupy the mineralization sites blocking the interaction between collagen and the molecules that initiate mineralization, thus regulating the pattern of collagen mineralization, like other collagenbinding small leucine-rich proteoglycans (19) . The exact role of biglycan and decorin in dental tissues, however, is still controversial.
